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anti-parallel to the Mrst direction, when the 
second f erromagnetic/f ree layer is in a quiescent 
state; 

a spacer layer between/the first and second 

ferromagnetic f/ee layers; and 
a permanent magnet /positioned above the first and 

second f erroioagnetic free layers opposite an air 
bearing surface (ABS) and producing a bias 
magnetizat/ion field that biases both Mi and M2 in 
a third olirection that is transverse to the first 
and second directions thereby establishing 
quiescent bias states for Mi and M2; 
wherein Mi produces a first demagnetization field that 
biases M2 in the second direction and M2 produces 
a sefcond demagnetization field that biases Mi in 
the/ first direction when the first and second 
ferromagnetic free layers are in their quiescent 
states, and Mi and M2 rotate about their quiescent 
bias states in response to an applied magnetic 
jfield thereby producing a GMR effect in the sensor 
is a function of the rotation of Mi and M2. 



2. (Amended) The spin valve senspxf of claim 1, including an 
insulating layer between the p^manent magnet and the first and 
second ferromagnetic free lawyers. 



Please cancel claim 3. 




J 



[ease amend claim 7 as follows: 



(Amended) The spin valve sensor of claim 1, wherein Mi and M2 
are oriented in a directLefn that is about 45'* relative to the 
sense current when in .imeir quiescent bias states. 
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Please a 



aims 11-17 as follows: 



11. (New) A spin valve sensor for use wLth a data storage system 
to produce a giant magnetoresistive (GMR) effect in response to 
applied magnetic fields, the sensor comprising: 

a sense current (I), which ils horizontally oriented in 

a longitudinal directiin; 
a first ferromagnetic free tayer having a magnetization 
(Ml) in a first direct/ion that is aligned in the 
longitudinal direction of the sense current, when 
the first f erromagnet/ic free layer is in a 
quiescent state; 
a second ferromagnetic f:rfee layer having a 

magnetization (M2) dn a second direction that is 
anti-parallel to tWe first direction, when the 
second ferromagnetic free layer is in a quiescent 
state; 

a spacer layer between/the first and second 
ferromagnetic fre^ layers; 

a biasing component including a first anti- 
ferromagnetic laher exchange coupled to the first 
ferromagnetic fJee layer and a second anti- 
ferromagnetic layer exchange coupled to the second 
ferromagnetic free layer, the first and second 
anti-f erromagnJetic layers each producing a bias 
magnetization/field that respectively biases Mi 
and M2 in a third direction that is transverse to 
the first and second directions thereby 
establishing quiescent bias states for Mi and M2; 
and 

wherein Mi produces a first demagnetization field that 
biases M2 in the second direction and M2 produces 
a second demagnetization field that biases Mi in 





the first direction when the fir/t and second 
ferromagnetic free layers are lA their quiescent 
states, and Mi and M2 rotate apout their quiescent 
bias states in response to a/ applied magnetic 
field thereby producing a GpR effect in the sensor 
as a function of the rotamon of Mi and M2. 
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12. (New) The spin valve sensor of cla/m 11, wherein the third 
direction is selected from a group consisting of downward and 
upward. / 

13. (New) The spin valve sensor oy claim 11, including first and 
second contacts respectively posil:ioned in contact with first and 
second ends of the first and seoond ferromagnetic free layers and 
the spacer layer, wherein the aense current flows between the 
first and second contacts in trie longitudinal direction. 

14. (New) The spin valve senfeor of claim 13, including: 



a bottom shield mroximate the first ferromagnetic free 

layer and me contacts; and 
a top shield proximate the second ferromagnetic free 

layer ancy the contacts; 
wherein the bottom and top shields have a substantially 

uniforn/ shield-to-shield spacing. 



15. (New) The spin valve sensor of claim 11, wherein Mi and M2 
are oriented in a direction that is about 45° relative to the 
sense current when/in their quiescent bias states. 

16. (New) A data/storage system including a spin valve sensor in 
accordance with/claim 11. 




17. (New) A method of manunacturing a spin valve sensor for use 
with a data storage system/to produce a giant magnetoresistive 
(GMR) effect in response tfo applied magnetic fields, the method 
comprising steps of: / 

(a) forming a first ferromagnetic (FM) free layer 
having a magnetization (Mi) in a first direction 
when in a quiescent state; 

(b) forming sJ second FM free layer having a 
magnetization (M2) in a second direction that is 
anti-p^allel to the first direction when in a 
quiescent state; 

(c) forming/ a spacer layer between the first and second 
FM free layers; 

(d) formin* first and second anti-ferromagnetic (AFM) 
layerk on the first and second FM free layers, 
respectively; the first and second AFM layers 
havimg substantially equivalent anneal 
temperatures; 

(e) settiing bias fields of the first and second AFM 
layers simultaneously by pooling the first and 
second AFM layers through the anneal temperatu re 
white applying a magnetic field in a third 
direction that is transverse to the first and 
seiond directions. 



